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In RANP#72, Further Enhanced MTC for LTE WI was approved [1] that included a task to support the higher data rate than 1Mbps for voice capable wearable devices and health monitoring devices. In this contribution, we discuss the design of larer maximum PDSCH/PUSCH channel bandwidth. 
· In the last RAN1 meeting the following was agreed [2]: 
	Agreement:
· The wider bandwidth operation is enabled by eNB.
· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.
· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).
· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.

Agreement:
· For Rel-14 FeMTC UEs, the maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.
· Idle mode operations reuse the Rel-13 eMTC design.
· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.
· For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH:
· The larger max. DL TBS is at least 2984 bits.
· The larger max. UL TBS is at least 2984 bits.
· For Rel-14 FeMTC UEs with larger TBS and channel BW:
· Idle mode operations reuse the Rel-13 eMTC design.

Agreement:
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.
· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.



Larger maximum PDSCH/PUSCH channel bandwidth
In the previous meeting, RAN1 agreed to support wider channel bandwidth [5 or 20 MHz] for BL UEs and non-BL UEs in CE mode A with reusing the Rel-13 MPDCCH design. According to these agreements, MPDCCH can indicate RBs corresponding to [5MHz or 20MHz] for PDSCH. There are two options to indicate the wider PDSCH/PUSCH by MPDCCH. First, as shown in Figure 1-A, MPDCCH can indicated the N x NB (6RBs) of PDSCH/PUSCH. In this case, new DCI format of MPCCH should be defined to indicate the multiples NBs. 
Second one is shown in Figure 1-B simply widening the channel-bandwidth of NB channel from 6RBs to N RBs. In this case, number of RBs within each NB is changed. For example, if the UE supports the 5MHz bandwidth in 10MHz system bandwidth, 10MHz may be divided into two NBs, then one NB is consist of 25RBs. In this case, new DCI format of MPDCCH should be define to indicate the larger number of RBs because current DCI format 6-0A/6-1A(/6-0B/6-1B) is not capable of such assignments. Frequency hopping is another option to support wider channel bandwidths; however, there is risk of increase in complexity since the design will have to consider avoiding overlapping with the legacy resource allocation.
To keep co-existence with the legacy MTC devices, method of MPDCCH indicating multiple NBs should be supported for larger maximum bandwidth. In addition to keep low MTC device complexity, the Rel-14 FeMTC UE should only support contiguous RF bandwidths corresponding to UE capability such as 5MHz. Taking UL transmission into account, NB resource allocation should contiguous to maintain the low PAPR for power consumption. 
Proposal 1: To keep co-existence with legacy MTC devices, a single MPDCCH indicating to multiple NBs should be supported for larger maximum bandwidth.

Proposal 2: If a single MPDCCH indicating to multiple NBs is supported then a new DCI format must be considered. 

Proposal 3: To keep low MTC device complexity, the Rel-14 FeMTC UE should only support contiguous RF bandwidths corresponding to UE capability

Proposal 4: To keep low PAPR, if MPDCCH indicating to the multiple NBs for PUSCH, the NB assignment should be contiguous.



Figure 1: Two options to wider PDSCH/PUSCH for FeMTC services

Same subframe scheduling
According to the previous meeting agreements, cross subframe scheduling by MPDCCH was agreed for wider bandwidth PDSCH/PUSCH. In the Rel-13 eMTC, cross-subframe scheduling is applied because the number of RBs within NBs is quite limited which does not allow same-subframe scheduling. However, if UE can receive more than 6RBs due to support for wider channel bandwidth then there are enough resources to transmit MPDCCH and PDSCH in the same subframe. Same subframe scheduling is more efficient since it decreases the latency, especially in the low repetition cases. As shown in the figure 2, if the same subframe scheduling is applied for the last subframes of the MPDCCH repetitions then there is no need for buffering of the PDSCH data. However, there might be some devices that are able to successfully decode the MPDCCH early such that they can start decoding the associated PDSCH early as well. It is given the total bandwidth including the gap between the MPDCCH and PDSCH in the same subframe has to be less than UE capability such as 5MHz. 
Proposal 5: Rel-14 BL UE should be considered to support same subframe scheduling. 


Figure 2: Overview of same subframe scheduling for FeMTC

Conclusions
In this contribution, we provided our views on design for larger max PDSCH/PUSCH channel bandwidth. We have following proposals:
Proposal 1: To keep co-existence with legacy MTC devices, a single MPDCCH indicating to multiple NBs should be supported for larger maximum bandwidth.

Proposal 2: If a single MPDCCH indicating to multiple NBs is supported then a new DCI format must be considered. 

Proposal 3: To keep low MTC device complexity, the Rel-14 FeMTC UE should only support contiguous RF bandwidths corresponding to UE capability

Proposal 4: To keep low PAPR, if MPDCCH indicating to the multiple NBs for PUSCH, the NB assignment should be contiguous.

Proposal 5: Rel-14 BL UE should be considered to support same subframe scheduling. 
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